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Abstract
The Gorgon Joint Venture† made the Final Investment Decision (FID) for the Gorgon Project in 
September 2009. One element of that approval was the decision to proceed with the Carbon Dioxide
Injection Project on Barrow Island, whereby CO2 separated from the reservoir gas from the Gorgon and
Jansz-Io fields will be injected into a deep sandstone interval beneath Barrow Island.
Since FID, the focus has been on delivering the project – this involves preparations for drilling and
completing the four different well types, engineering design and procurement of the CO2 pipeline and
procurement and manufacture of the CO2 compression system within the LNG plant.
In addition to this engineering activity, the subsurface team has continued with improving their 
knowledge of the injection interval and overlying geology. The focus of this work has been two-fold:
1. Deliver work to support the execution decisions, e.g. finalising well locations, well
construction design, well completion design, reservoir data gathering plans, etc. In addition work 
has also been done to prepare for operations, focusing on understanding the behaviour of super-
critical CO2 in the full system from the compressor to the reservoir as a basis for developing
operations procedures and documents.
2. Prepare for long term reservoir and project management; this includes developing a reservoir 
management plan with emphasis on surveillance data, continuing to develop the monitoring
plans for understanding distribution of CO2 in the injection interval and continuing to evaluate
and update understanding of subsurface uncertainties.
We currently anticipate commissioning of the carbon dioxide injection system contemporaneous with the
start-up of the second Gorgon LNG train in 2015. Between now and then the Carbon Dioxide Injection 
Project will drill and complete 17 wells, install a seven kilometre buried pipeline and associated facilities
and construct, install and commission the CO2 compression system. 
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1. Introduction 
The Gorgon Joint Venture took the Final Investment Decision (FID) for the Gorgon Project in September 
2009. The project involves developing two gas fields, Gorgon and Jansz-Io including the subsea 
development of wells, manifolds and pipelines producing natural gas to the remote Barrow Island where 
the joint venture is constructing a three-train, nominal fifteen million tonnes per annum liquefied natural 
gas (LNG) facility and a domestic gas plant with the capacity to provide 300 terajoules of gas per day to 
Western Australia (Figure 1).  One novel aspect of the project is the CO2 injection component. The gas in 
the Gorgon Field contains on average 14 percent naturally occurring reservoir CO2, which along with the 
Jansz-Io field which contains approximately 0.15%  of CO2, will be separated from the natural gas stream 
prior to further gas processing and liquefaction. Rather than venting that CO2 into the atmosphere, it will 
be injected into a deep reservoir unit, known as the Dupuy Formation, beneath Barrow Island as super-
critical phase CO2. The Australian Government has committed $60 million to the Gorgon Project's 
Carbon Dioxide Injection Project as part of the Low Emissions Technology Demonstration Fund. 
 
At the Greenhouse Gas Control Technologies Conference in 2008, Flett et al described the plans for the 
Gorgon CO2 Injection Project.  Since the Flett paper a few changes have been made to the project scope 
and this  paper provides a more recent project update. These changes are not significant, but include 
several improvements and optimisations identified just before and subsequent to FID. Subsurface 
evaluation has continued since 2008. This paper will describe some of that technical work, it will also 
describe the project refinements that have been made and approved and will also provide an update on 
current work activities. 
2. Project Background  
Injection of CO2 separated from the Gorgon and Jansz-Io fields reservoir gas will utilise a deep reservoir 
unit beneath Barrow Island known as the Dupuy Formation. The Dupuy Formation consists on 
interbedded sandstones and siltstones deposited on a submarine slope during the late Jurassic, with 
moderate porosity (av. 22%) and permeability (av. 30-100mD) at a depth of between 2,000 metres and 
2,500 metres. It is overlain by the Cretaceous Barrow Group, the lower part of which consists of 
interbedded shales and sandstones including the laterally extensive Basal Barrow Group Shale (BBGS) 
which is the top seal for the injection zone (Figure 2). 
 
Barrow Island is located approximately 60 kilometres off the north-west coast of Australia. It has been the 
site of Australia’s largest onshore oil field since the 1960’s, with more than 300 million barrels of oil 
produced from the Windalia Sandstone, which is at a depth of around 700 metres. A number of deeper 
exploration wells have been drilled over that time which formed the basic dataset for the initial selection 
of the Dupuy Formation as a potential interval to inject CO2. In 2006 that legacy dataset was greatly 
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enhanced with the drilling and evaluation of the Gorgon CO2 Data Well. That appraisal well collected an 
extensive set of geological data including 500 metres of core covering the BBGS seal and most of the 
Dupuy Formation injection interval. In addition, a very extensive logging dataset was acquired which 
focused on reducing CO2 injection uncertainties. In 2008, the data well was retested to get additional 
information on the reservoir quality. Evaluation of this dataset formed the basis for the decision to 
commit to the CO2 injection as part of the Gorgon Project.  
 
In 2009, the West Australian Government granted approval to inject CO2 into the Dupuy Formation under 
Section 13 of the Barrow Island Act (WA). A condition of the project is that it will inject a minimum of 
80 percent of the available reservoir CO2, based on a five year rolling average. The Barrow Island Act 
(WA) also limits the area of previously uncleared land that can be used on Barrow Island to construct and 
operate the Gorgon Project to 300 hectares. This places limits on the amount of land-take that can be used 
for CO2 injection, which has influenced the project layout.  
3. Technical Basis for Project Decisions 
The CO2 Injection Project is designed on the basis that the bottom-hole pressure (BHP) does not exceed 
3,800 pounds per square inch (psi) in order to prevent localised fractures developing around the injection 
wells and thus retain a maximum spread of matrix injection along the borehole. The well count was 
derived using dynamic reservoir simulations where a new well was turned on in the simulation when the 
previous well had reached a BHP of 3,800 psi. Static model (geological) and dynamic model (reservoir 
engineering) parameters were tested via parametric studies to determine which had the biggest impact on 
well count. These were then used to develop an experimental design probability distribution of well 
count. The final P50 well count of nine CO2 injection wells is based on that experimental design.  
 
In order to offset the increase in injection pressure from injecting the CO2, the Gorgon project team 
identified that the number of injection wells could be reduced by the inclusion of an active reservoir 
pressure management system (Figure 3). This involves extraction of formation water from the Dupuy 
Formation at locations within pressure communication of the injection area but outside the range of the 
forecast plume migration. The project includes four water production wells that will pump water from the 
Dupuy Formation using electrical submersible pumps (ESPs). To reduce environmental impact, that water 
will be re-injected into the overlying Barrow Group by two water disposal wells. It is expected that this 
system will produce approximately 60-80,000 barrels of water per day from the Dupuy Formation. That 
off-take rate was included in the reservoir simulations used to determine the CO2 injection well count. 
 
In addition to determining the P50 well count of nine CO2 injection wells, four water production and two 
water disposal wells (along with two reservoir surveillance wells) (Figure 4), the Gorgon Joint Venture  
needed to understand the potential well count in the event of encountering a  low-side Dupuy Formation 
reservoir outcome, for example reservoir injectivity is lower than anticipated.  In particular it was vital 
that this well count could be achieved without additional land-take required beyond the number of drill 
centres assigned in the project land-take allocation. It was determined via the experimental design that a 
maximum of 18 injection wells would be required, hence the drill centres have been designed such that 
six deviated wells could be drilled from each of the three drill pads.  
4. Project Changes since 2008. 
In 2008, the Gorgon Project was a three LNG train development with a domestic gas project planned for 
some time after first gas. Since that time, the domestic gas component was included in the foundation 
project scope and is now under construction. The addition of this domestic gas component required an 
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increase in the rate of gas production from the Gorgon Field and hence an increase in the rate of reservoir 
CO2 that required injection. In order to manage this additional rate, the CO2 project scope was expanded 
with an additional CO2 injection well, bringing the total to nine injectors. In addition to this, the active 
reservoir pressure management system was accelerated to be included into the foundation scope rather 
than the previous reactive approach.   
 
A further enhancement to the original plan has been the decision to bury the CO2 pipeline along its seven 
kilometre path to the three drill centres. Changes in ambient temperature and the effect of weather, in 
particular windiness, would alter the temperature of the CO2 in an above ground pipeline on Barrow 
Island.  The temperature of the CO2 is it enters the pipeline from the compressors will be around 60 C. As 
the CO2 is in a supercritical phase, modest cooling along the pipeline could create significant density 
changes in the CO2 arriving at each well-head, which would then introduce fluctuations in the bottom-
hole pressure at the sand-face in the injection wells.  In order to manage bottom-hole pressure and keep it 
below 3,800 psi, very active management of the well head chokes would have been required.  Burying the 
CO2 pipeline will significantly reduce these temperature fluctuations and hence allows for more steady 
injection settings to be used. This largely removes the need for active well choke management. 
 
The engineering design for the surface facilities is 97 percent complete.  A major theme to minimise long 
term maintenance requirements has been carried throughout the design of the facilities.   This has resulted 
in using Corrosion Resistant Alloy (CRA) materials in the injection wells; both the wellheads and 
downhole tubular will use CRA to reduce the potential for corrosion.  While the injected super-critical 
CO2 stream will not have free water, it is anticipated that from time to time that the wells will be back-
flushed to remove debris in the perforations and near well-bore rock that is reducing injectivity.  During 
this process, free water from the reservoir may be produced along with the CO2.  Utilising CRA materials 
will minimise any corrosion in the flow-wet areas of the well and prevent the need for well intervention.   
 
Minimising maintenance was also a major consideration in the design of the CO2 compressors.  The 
project will utilise six CO2 compressors, two per LNG train.  Each compressor consists of four centrifugal 
stages driven by a fifteen megawatt variable frequency drive motor with a double-end shaft.  Two 
compressor casings connected to the ends of the motor shaft via gear boxes each accommodate two 
compressor stages.  The main consideration for choosing a barrel design compressor was the ease of 
maintenance access and reduction in the number of seals.  Dry gas seals were selected to minimise 
contaminating the CO2 stream with lubrication oil.  In several injection installations where wet gas seals 
are used, lubrication oil has been a major contributor to plugging the near wellbore formation in injection 
wells.  Eliminating this contamination in the CO2 stream will reduce the risk for well maintenance/ work-
over due to contaminant plugging. 
 
While the wellhead and down-hole tubulars are CRA materials, the pipeline material is low temperature 
carbon steel.  The absence of free water in the supercritical CO2 stream will be controlled by the 
compressor operations and the CO2/water equilibrium properties of the different physical phases that the 
CO2 undergoes during compression.  Super critical CO2 can entrain more water than certain pressure-
temperature regions of gaseous CO2.  The project has taken advantage of this and has designed the 
temperature and pressure of the suction to the fourth and final stage of compression so that the water 
content of the CO2 stream going into the fourth stage is less than the water dew point content of super-
critical CO2.  This has eliminated the need for water dehydration facilities to remove free water from the 
CO2 stream and allowed for non-CRA materials to be used in the pipeline and injection manifolds.  
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5. Work Activity Since 2008. 
In 2009, a 3D seismic survey was undertaken across the northern half of Barrow Island. This survey will 
form the pre-injection baseline dataset that subsequent repeat surveys can be compared against to detect 
and then map the migration of CO2 within the Dupuy Formation. The survey was major undertaking as it 
involved the use of three different seismic sources; explosive charges in areas of higher topography, 
vibroseis in lower-lying areas and offshore airgun to add fold to the near-coastal areas. Given the 
environmental sensitivity of Barrow Island, a helicopter was used to move around several shot-hole 
drilling rigs in the dynamite source area. 
 
That data has now been processed and interpreted and is a significant improvement in data quality over 
the legacy seismic. This has allowed the Gorgon CO2 subsurface team to develop a higher confidence 
reservoir interpretation. Static and dynamic modeling of this new reservoir interpretation has been the 
basis for selecting targets for the CO2 injection wells and pressure management wells. Reservoir 
properties from the data well and legacy wells including a detailed facies interpretation has been closely 
matched to the seismic character and used to populate the static model. This was converted into a 
dynamic reservoir model that has been used to plan well locations including the positioning of the 
pressure management wells. The pressure management location decision was a balance between 
proximity for pressure communication and distance for delaying the arrival of the injected CO2 at the 
pressure management wells. 
 
Other activities since 2008 include the detailed well engineering work to design the different well types 
with particular emphasis on casing design to ensure robust cementing, and detailed assessment of the 
completion designs. Reduction of near well-bore formation damage as much as possible is a critical 
success factor for the CO2 injection wells and hence the detailed design for perforating and clean-up of 
these wells had been the subject of much study. The plans are to perforate on wireline using dynamic 
under-balanced charges with nitrogen gas lift to flow the wells back to surface in order to clean up 
drilling and perforation debris. 
 
To ensure reliability and quarantine compliance a new drilling rig has been built for this drilling 
campaign. It was recently shipped from Houston and mobilised to Barrow Island. Work to clear and 
prepare the drill centres for drilling in 2013 will be under way in the fourth quarter of 2012. 
 
Following the final investment decision in 2009, one of the first contracts to be awarded was for the 
detailed design and construction of six CO2 injection compressor trains that will be integrated into three 
compressor modules. As described above, each compressor train utilises four stage compression, in two 
compressor casings (each casing comprising two compressor stages) coupled through gearboxes on either 
side of a double-ended variable frequency electric motor.  Each compressor module accommodates two 
compressor trains.  
 
Design, construction and assurance testing of the compressor trains has been completed including running 
the completed compressor train under full load simulating field conditions.  Work has now shifted to the 
construction of the three compressor modules, each of which includes two compressor trains, associated 
inter-cooling and pipe work. 
 
In addition to the preparations for project execution, a number of other subsurface studies that have been 
completed including: 
 Detailed laboratory core flood experiments and reactive transport modeling to assess the 
potential for geochemical alteration of the Dupuy Formation in the presence of CO2. 
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 Comprehensive special core analysis results from a detailed study were integrated into the 
reservoir model via capillary pressure curves, drainage relative permeability curves and gas 
trapping parameters (i.e. Lands Constant), effectively defining the imbibition relative 
permeability curves. 
 Development of a better understanding of CO2 injection phenomena such as near-wellbore 
thermal effects on injectivity and near well-bore vapourisation effects.  
 Preparation for operations including detailed transient and steady state flow modelling using 
SpanWagner equation of state for CO2.  
 Continued assessment of appropriate new technologies, e.g. monitoring technology; extracting 
lessons learned from other industrial scale and demonstration projects. 
 Construction of detailed static and dynamic models to perform flow modelling of the over-lying 
Barrow Group. This was done to test scenarios and potential outcomes of CO2 migration into the 
overlying formation. This work has supported the assessment of monitoring technologies. 
 
Other studies are continuing including a CO2 core flood of the BBGS to understand potential geochemical 
and geomechanical effects of CO2 exposure. This has involved designing an experiment that allows for 
long residence times due to the low permeability of the rock. 
  
In 2009, prior to final project sanction, there was significant interaction with the regulatory authorities 
around the CO2 Injection Project. One key element was completion of an external due diligence review 
for the West Australian Government. This provided independent advice that the CO2 injection project was 
ready to proceed. The terms and conditions for the approval of the CO2 Injection Project under Section 13 
of the Barrow Island Act 2003 (WA) were agreed with the WA Government and now regulate the project 
going forward. 
6. Remaining Pre-injection Activity 
In common with the larger Gorgon Project construction activities, there has been much work on Barrow 
Island in preparing the infrastructure and foundations necessary to support the arrival of the CO2 
compressor modules.  Installation of the CO2 pipeline will commence in 2013 including the trenching 
activity.   
 
CO2 drilling activity will also commence in 2013. Preparations are continuing for this extended drilling 
campaign. The new rig will be commissioned before commencing on the CO2 drilling campaign. 
 
Once drilling commences, the focus of subsurface work will shift to collection, processing and analysis of 
subsurface data such as wireline logs, sidewall and whole cores and pressure data. The drilling results will 
be compared with pre-drill static sign-posts to indicate if they match predictions and give an early 
indication of reservoir quality. Decisions such as final perforation intervals and early operational 
procedures will be based on this information.  
 
The Gorgon CO2 roject is being designed for around 40 years of service. The collection of early static and 
dynamic data will be a key element in understanding how the Dupuy Formation performs as an injection 
target. Once operational, the reservoir will continue to be actively managed to optimise the balance 
between the competing demands of adequate injectivity to meet the project commitments and long term 
containment. 
 
 M. Trupp et al. /  Energy Procedia  37 ( 2013 )  6237– 6247 6243
7. Conclusions 
The CO2 injection component of the Gorgon Project is a significant undertaking. CO2 injection is 
expected to commence following commissioning of the second LNG train. Once operating the Gorgon 
Joint Venture expects to inject around 200 million standard cubic feet per day of CO2 at an annualised 
average volume between 3.4 and 4.0 million tonnes per year. Ultimately in excess of 100 million tonnes 
of CO2 will be injected and safely stored in the Dupuy Formation beneath Barrow Island.  
 
Significant resources (both financial and personnel) have been deployed by the Gorgon Joint Venture to 
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Figure 1: Gorgon Project Location Map.
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Figure 2: Semi-regional north south geological cross-section over Barrow Island. 
 
 
6246   M. Trupp et al. /  Energy Procedia  37 ( 2013 )  6237– 6247 
Figure 3: Schematic west-east cross-section showing concept of pressure management system.
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Figure 4: Gorgon CO2 Project Map showing P50 well count. 
 
